A one-pot efficient synthesis of biologically active benzimidazole derivatives has been achieved under solvent-free green conditions, with unsurpassed atom economy, by a simple grinding method followed by heating.
Introduction
Benzimidazoles are very useful intermediates/subunits for the development of molecules of pharmaceutical or biological interest.
1 Benzimidazole and its derivatives are an important class of bioactive molecules in the field of drugs and pharmaceuticals. 2 Benzimidazole derivatives have found applications in diverse therapeutic areas including anti-ulcers, anti-hypertensives, anti-virals, anti-fungals, anti-cancers, and anti-histaminics. 2 Moreover, these fused heterocycles have been studied as new non-nucleoside topoisomerase-I poisons, human immunodeficiency virus-1 reverse transcriptase inhibitors, and/or potent DNA gyrase inhibitors. 3 They can act as ligands to transition metals for modeling biological systems. 4 In addition, benzimidazoles are very important intermediates in organic reactions.
5
Due to their wide range of pharmacological activity, industrial-and synthetic applications, a number of methods have been reported for the synthesis of benzimidazole and its derivatives. and polymer supported 4-fluoro-3-nitrobenzoic acid in solid phase have been used as precursor for 2-substituted benzimidazoles, benzoxazoles and benzothiazoles. 9 However, all of these methods have problems, including drastic reaction conditions, low yields and severe sidereactions. Catalytic synthetic methods required tedious work up procedures such as filtration, purification and drying for reuse of the catalyst. Moreover, more than one step is involved in the synthesis of these compounds in some procedures. Therefore, the pursuance of more convenient and practical synthetic methods for these compounds still remains an active research area. 2-Mercaptobenzimidazole derivatives are known to possess varied biological activities.
10
Thus, syntheses of these series of compounds are highly desirable. Condensations of ophenylenediamine with carbon disulfide in the presence of alkali KOH, with thiourea using polyphosphoric acid (PPA) as a catalyst, with sulfur (S8) using Bu 4 NOH as a catalyst are known.
11

Results and Discussion
In continuation of our interest to explore the utility of simple one-pot, solvent-free, solid phase grinding methods, 12 we decided to investigate the efficient synthesis of biologically active benzimidazole derivatives. Herein, we report the efficient one-pot solvent-free green synthesis of a series of benzimidazole derivatives in good yield at 140 o C. We also report the one-pot efficient synthesis of other biologically potent compounds, 2-mercaptobenzimidazole derivatives under solvent-free conditions. In this methodology, both components were thoroughly ground with a pestle in a mortar at room temperature in an open atmosphere until the mixture turned into a melt. For liquid starting materials, they were mixed thoroughly for a given period of time instead of grinding.
At first, we synthesized benzimidazole derivatives by coupling o-phenylenediamine either with organic acid (Table 1) or aldehyde in solvent-free neat conditions (Table 2 ). In order to ascertain the optimum temperature, several reactions were carried out on o-phenylenediamine and acetic acid as the model by varying the reaction temperature and finally the best result was obtained at 140 o C. Having established the reaction temperature, various organic acids and aldehydes were subjected to coupling. Different types of organic acids (aliphatic and aromatic) were used to condense with ophenylenediamine (Table 1) . It has been generally observed that the presence of electron withdrawing groups in the aromatic ring enhances the reaction yield with reduced reaction time. Tri-carboxylic acid (Table 1, entry 10a) does not form any product even after sufficient time when reacted with o-phenylenediamine in 1:3 ratios. However, after 5 h the whole reaction mixture turns into a black solid, which is not soluble in common organic solvents. Hence, the product can be neither isolated nor characterized. The structures of the products were determined from their spectroscopic data. Several aldehydes (aromatic, heteroaromatic and aliphatic) underwent the above conversion to form a series of benzimidazoles (Table 2 ). The aldehyde group initially forms an electrophilic imine linkage by reaction with one of the amine groups of the o-phenylenediamine. It was followed by intra-molecular nucleophilic substitution by the remaining amine group in the orthoposition. 13 Aromatic aldehydes containing both electron-donating and electron-withdrawing groups worked well. Aliphatic aldehydes (Table 2 , entry 9b) also afforded the desired products in high yields. The method is suitable for the sterically hindered aldehyde, 2-naphthaldehyde (Table 2 , entry 8b). The reaction conditions are simple and the products were formed in moderate to high yields (55-92 %). The structures of the products were determined from their spectroscopic data. Next, we investigated the synthesis of 2-mercaptobenzimidazole derivatives (Table 3) . They were synthesized from a mixture of ammonium thiocyanate (1 mmol) and o-phenylenediamine derivatives (1 mmol) in the presence of a catalytic amount (0.05 mol %) of NH 4 Cl following a similar procedure. Both components were thoroughly ground with a pestle in a mortar at room temperature in an open atmosphere until the mixture turned into a melt. The mixture was then heated to 140 o C for 1 -3 hours. The progress of the reactions was monitored by TLC. After completion, the melt was washed with cold water and the desired product was crystallized from ethanol at low temperature. Details of the substrates used, reaction times, and yields are given in Table 3 . 
Conclusions
In conclusion, we have developed a simple, highly efficient, convenient, and one-pot solvent-free green synthetic method for the synthesis of biologically important benzimidazole derivatives by the condensation of o-phenylenediamine with either organic acid or aldehyde at 140 o C. We have also described the one-pot efficient green synthetic methodology for the synthesis of another pharmaceutically important compound, 2-mercaptobenzimidazoles. Moreover, this methodology describes the synthesis without the intervention of any catalyst for the first time except for 2-mercaptobenzimidazoles. It offers very attractive features such as green synthesis, reduced reaction times, and higher yields, all of which make it a useful and attractive strategy for the preparation of various benzimidazole derivatives simply by changing different substrates. The operational simplicity of the procedure is also attractive, which offers wide scope in organic synthesis.
Experimental Section General Procedures.
1 H NMR and 13 C NMR were recorded on a Varian FT-400 MHz instrument. IR spectra were recorded on a Perkin-Elmer Spectrum One FT-IR spectrometer with KBr disks in the range 4000-400 cm -1 . Elemental analyses were carried out on a PerkinElmer 2400 automatic carbon, hydrogen and nitrogen analyzer. Melting points were determined with an electrical melting point apparatus by Büchi, Switzerland. Mass spectra were recorded on a Waters Q-Tof LC-MS instrument. This solvent-free method has an operationally simple procedure. In a typical experiment, a mixture of organic acid/organic aldehyde (1 mmol) and o-phenylenediamine (1 mmol) was thoroughly ground with a pestle in a mortar at room temperature in an open atmosphere until the overall mixture turned into a melt. The melt mixture was then heated at 140 o C for 1-2 h. The progress of the reactions was monitored by TLC. After completion, the melt was washed with water and the desired product was crystallized from water at low temperature. The desired pure product were characterized by comparison of their physical data with those of known compounds.
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2-Methyl-1H-benzimidazole (2a
5-Methoxy-1H-benzimidazole-2(3H)-thione (5c).
10 mp 255-256 °C, 
